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1. PROJECT: No. 6-1 - Determination of the Visual Requirements for Various
Taslte in Armore Vehicles; Subject: Study of Errors in Range Estimation with the
Unaided E~re.

-a. Authority: Letter Commanding General, Headquarters Armored Force,
SFort Xhax, Kentuckyp File 400.1.-/6 GNOHD, dated September 24, 1942.

b. Purpose: To study the accuracy of range estimation without visual
aids among tank crew trainees with special reference to (1) degree of accuracy
Obtained, (2) possibility of preselection of the more competent individuals, (3)
improvament with training, and (4) influence of the character of targets and terrain.

2. DISMUSSION:

a. Range estimation Is one of the most important and, at the same timo,
least accurate element in tank gunnery. Previous studies of visual range estimation
performance have dealt with the average proficiency or lack of it in groups of sol-
dlicrs, the burden of the investigations being concerned primarily with the magnitude
of the mean errors, and the influence of the distance of the target on the accuracy
of its estimate. In substance, however, the outstanding finding has been that troops
in general do not estimate ranges accurately enough to secure hits with the first
round of fire, ar.- that the errors, being of the order of 20% or more, necessitate
bracketing with several rounds, before the target is struck. It seemed desirable,
therefore, to inquire more fully into the meaeures that might be adopted to improve
this uituation. Such measures night be:

(1) The incorpuration-of rarge finders as standard equipment for
tanks. tA the present time there are none in American tanks in
combat theatres and the current opir "on is that the time required
to remove the range finder from its stawage, mount it, and use it,
is not frequently available in combat. New types of range finders
are, however, wnder consideration for limited issue, but it is
generally agreed that the tactical, lighting, and terrain con-
ditione are not alxaya suitable for their use. Furthermore,
special training may be a complicating requisite for their effect-
ive employment.

(2) Calculatlrn of distarnce fro, the anrle eubtendd bv, the t'rrt
on a mil ocalo. For this to be done accurately, the optical
instrument must be stable, as would be the case with the tank
telescope if the tank were stationary, but rot with binoculars;

This doc: .... : . .

Qarocd by ,thetfor publc ro]i-r.= cn. zck; 1i

CLEARINGHOUS2 djft4.butta is vnllmltod.
f,ýr Fod.le Scen:,f.c & Technical

n ,-mwn .gfed V. 22151 3tT ai) Co
A .... ( 0Cpy



and the size of the target must be known. Time is required
for the calculation; and, more inportant, the precise target
size will not be generally lcxn.

(3-It -si~vG traininK- of tank crermen in eetimation with the."adcde�.o. As poxted out above, studicz of t1h performance

of men have generally indicated relatively isperfect performawc-,
CnamW ty "orfor. raie the** questions :

(a) Ce6- the tochniquo of instruction be improved, with Con-
seýaent reduction in the error of estisate?

W() Would more intenzive intstruction of tank cromA' produce
better re#,.iat? (A recent ACrR rep1rt, No. 225 on The
Ae acra• of Visual Estimation of Initial PRage... concludeos
that N..X.an r9v ent in performance by thi NCO category
of peronmal iA posaibl@ by cantimsas traiar-g and p'actio
in range tstimatlora.)

(c) Should tank crewmen, cor more particularly tank co.andors
and gumners, be selected for their proved or ptentially
superior capabilities in range estimation? (The antiair-_ craft and coast ar'tillery car.nas devote sevra weeks to

training a height and rane finders, of m preselected
for their ntelligence and the excallance of their vision.)

b# The range estimation records of a large group of men for 32 targets on
three different range. were obtained for study from the gunnery departaimt of the
ARTC. This anal7sis undertake* to evalate from those reccrds five aspect# of the
range eastiation probl•m•

(3) The general level of competence of ani in training as tank

(2) The level of exckl :once of the 10 most oapablem of tba Sreo.

(3) The degree of imroveent with training.

(4) The relationship of gene~rl vision ,inrd of previous civilia-
wxperience to acouracy in Judgizg Cstane.

(5) The iWfluence of the character of tbh t~rget on the estimate
of its dist.we,

3. GOCWUSIONS2

a. The mean error for all 4472 eatimates was 26.6%. This was coraiderably
higher than the sdi an error of 20% for the reason that one-sixth of all e-timateos
were in error by mor" than 40%. Cr. th* othar hand, alightly less than one-tblrd
of all setimate. were oefapionslly Soo4,, being Incor"ct by les than 10%.
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t. Some men posses8 outstanding skill in estimating distances. There
were 10 Kmn in the present group whose median error for 32 separate range esti-
sat" was 13% or less, the best having a madian error of only 8%. Theas men had
had cy eevsral weeks basic ailitary training prior to this Wos.

a, Mhe failure of the group as a whole to improy* in succassive oercisao

suggests that the technique and extent of instruction does not substantially in-
rease the range estization proficiency of trainees.

d, The best and poorest range eetinators of this and of another group of
Smen, •peially examined. could not be distinguished on the bases of civilian occupa-
tion, pa•rticipatiac in outdoor sport, urban or rural residence, or vision tests.

e. The tendency to underestimate the diztancc to targets with sharp,
wall-defined eontours was consistent. Exmples of such targets were: vohicles,
coniferous trees, and range limit arekers. The targets most frequently over-
estimated were partly hidden objects and those with low contrast. Neither the
target's asiauth nor distamo up to 1600 yards appearod to influcme the pattern
of error,

4. RELMMDATIONS t

a. That identification of the mno-e copetent range estimators be regarded
as an important onsideration in the selection of tank cncanders and gunners.

b. That the reasons for the apparent auperiwrity in range estimation
possessed by am* individuals be furt~,- investigated as a basim for laproving
range esatimation Instruction generally.

a. That improved devices and techniques for zsnge estImtion instruction
b~o aight.

d. That the influence of the character of the target be pointed out in
imparting range estimation instruction to men. In particular, the tendency to
undereetimate the distance to targets of sharp outline should be appreciated. This
may be of importa.nce when fire is dfrected at a terrain feature which is selected
because of its inferred proxiz-ity to an eneny strangpoint.

M. That invostigation and develcpzsnt of built-in tank rangs finder be
continued.

NDTE: The r.c.dations as set forth in this project have ben r-cocurred in by
Col. Fred W. Mannsy, Chaief of Staff, naorued Center.

Submitted by.,
AyIthur Fre edman, Captsain MC

I- Appendix I WILLARD ILACHLU
#2 - Appendix 1 Colonel, Medial Corps
-3 - Appendix M
A4- Figare s ,2 and 34 Wo 3P CIdJ
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AYPMIX I

ACCMRACY OF RAWGE ESfTIUATIC

• !. Inrdutr

a# The present study of accuracy of direct rang. tstimation with the un-aided eye makes use of data obt&iThed from troops in the -unnew7 section of basiatraining at the Armored Replace.ent Training Center. There were 32 targets in all,and on these a total of 4472 separate estimates were zade. The 32 targets wereon 3 range,, each range being mplaovd in a separata exacise.

Rang #_- Within the barracks arv of tba Post-lO targets, apprcad-
aately 175 &e* participating,

Ran•e #2 - On Steele,' Firig Range #14-In open ¢omtr7-1O targset-.
approximatel the saae 175 &n*.

Ran e #3 - On SteeleIa Firing Range 13--in open country--2 targets--approximately 95 of the original 175 men.

b. Ranges are routinely estimated by the sen in groups of 10 to 20, aspart of their gunnery inatraction course, under the supervision of an officer orNCO, For each rang*, the individual is given a blank form on which he is instructedto write a one-word description of the target, and his estlate of the distance in-ards after the trgot i pointed out to him by the Instrctor. He ie permittedtoidentify the target with binoculars, bv the distance esticate is ande with the un-aided e". At tM termination of the exercise the mesn are told the correct rangeto each tcrget sod they then conpute their scores. It is of interest that althoughthe pwograa is intend9d for instruction, it is generall conducted more in the mannerof an cczaIUicni, with no clues given by the instuructors ntil the estinates have
been a&de.

2. Perforcance of the Group as a Whole.

a. Figure 1 gives the overall accuracy of all tha estirAt"e. Fewer thana third were within 10% of the true range; approxinately one-half were within 20%of the correct distance; and one-sixth were more than 40% in error. The mean errorwau 26,6%, ard the median error was 20g. Since this is the caly range astlaationpractice which maLre of these asn receive before going ovras" as replacem€xts, itwould sem that they bad not demlqp4 their skill to a high point of excellonce.

b. Of the entire group,86 of the en estimated the distances to 1132targets. The distribution of the median estimation errors of these men is shonin Figure 2, ?or tUis group the -ean error without regard to sign was 26.0% with
a standard deviation of 4 12.5% and a probable error of the sean of + ,9l%*

3- 14wformance of SuRiorIn iviul.

Nazar of the **Wre in theb* u of 86 mem iniicatsd higbly suporiar ability

UALd A1



in ra&M estimation. The best ind!.vidL,, estimated all 32 targets with a median
eor of 8% and ameav of 12,3%. The median error for the best 10 man of this
sroiu waa 13% or les.o Table I gives the iDdivi&.al scores of theae 10 men, to-
gether with a partial tabition of the uagnitude of their eorors on all the
tar~ets. These are cocpared in the ame table with the performanoe of the 10
Poorest perfornuas

TK9 PW0RUANCE6 OF THE 10 BEST A~M 10 POOREST RAME ESTiATORSON 32 TAR=s

n±AritYetI6 I No, 1stimates NO. Eatizata

Uedian Mean Accurate In Error

--E.J.G.8 12,3 19 0
2. H.J.S. 9.5 13.2 16 1
3* F.R.J. 10 14.4 15 0
4. T.F.B. 10 1775 .12 2
5* W.AeD. 10.5 J2.7 15 0
6. W.A.B. 11 18,5 12 2
7. 3.L.S.- 12 14.2 14 1
S8.W.J.K. 12 19.9 14 4
9o R.R.H. 12.5 19.6 13 2
, R.FJK. 33 16.6 10 1

. 39.5 101.9 6 12
2* A.A.S. 34.5 35.5 3 6
3. H.S.T. 33 29.3 9 9

S4. J.A.Z. 32 43,0 5 10
5. R.K. 31.5 30.0 6 4
6. H.L.C 31 40.6 3 9
7. G.o.B. 29 32.1 7 7
8. D.E.M. 28,5 46.8 5 2.
9. R.G.. 28j. 30.3 6 7

10. M.C.B. 2, 29.6 6 5

20 26.6

Dil 
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4. Influence of Training.

a. Tha taget distances on Range #1, #2 and #3 were estimated in that
Sr with intexrT&1 of a few days between exercise*, The score* indicate that

th. men did m-; i•.rmve in their performr.ca on the succes~ive ranges, bat
.ict'la•ly t=de t-o &% more poorly and accordingly did not prafit frca their

TABLE 2

P C2N1 OF ACCURAT ESTIMATES AND )AN ERP0R BY RAWZS

Accurate with, Mean Error
in10% of all men

Rang e #1 40.2% 18.3%
Range #2 26.2% 31-9%
Rarge #322.6% 27.6%

ALL TAR= 26.6%

i

b. The targets and locale of Raz)e #1 were undoubtedly more familiar
to the s than those on Range #2 ar #3), since Range #1 is in the urban par of
the Poet, and Rage #2 and #3 are in open country. This resulted in relatively
greater accuracy of range estimation on Range 11 (Table 3). The targets on
Ranges 2 and #3, on the other hand, were approximately equal with r'gard to
diffitulty of range estiuation, aA ;n• in Table 3, wherein it is noted that
the number of men making better sores on on. of theso two ranges is approaa-
nately equal to the nuber of me• naki- better scores on the other.

I

I

*1
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* TABLE .

S C, LMPARATIVE DISTR=ItION OF THE )-LEAN ESTW.LTION ERRRS
OF 86 M1 FOR 3ZrM 3 WZS ON 0 riCH 7EY T,=
SCESSIVL TESTE C ABOUT 3-DAY LNURVAIS

. ii

Lmer Mean Error* on Range #3 as compared with Range V2 40
Higher B aRngs#3" Range #2 45
No differ~em in Mean Errors on Range #3 c ocpared 1

"with Range 26

L1-er Meom Irrrs cc Range #2 as compared with Range 91 29
S U el Range# 3R g#1

i 66

L Lver Mean Irrora on Pang. #3 as eompared with Range #1 23
*Hishw x 9 N 4ge #3 5 N Eange J1

HMZ - Range #i In urban part of Post
RAC4•e j and #3 in op•e oowtry on firing ranges

-- oci. A



AFM-'DIX II

CNSIDM7h0Hk RC M -1AT'VE TO PRESELECTION

1.Civiliil.n Cccup~ation and Rosidencc.

The =on at. the Replac~'cont Center whose rangG estimates formed the basis
of this study had go-ne ovortceas by t~ho tizma cazlysis of the data was con-pletad.
Conseqaently,, it vas not possi~ila to iate.er.iow or further examine them too dis-
cover any attribut-tv which might be responsible for the performance of the b~sst
and pooz-srt indiv-idaals. Thne only in-forzation available was with regard to laic*
of residence and civrilian occupation, which, as indicated in Table 4, does not
appear to offer any basis for distinguiahing between the supaerior and poorer
groups,

TABLE 4

CIVM.IA OCCUPATITON AIM RESID~ICE 0F TM MEST LNM TMI POOMET RAM~E IVI[ATOES

Name Civ 9Slia OL tion Civi~lian Residence

E.J.G. Famrm Burai 'Wir..
H.J#S& None Mont.
F&R*Jo Farmer Wis.
T.?.B. Mill Worker ;rban Mich.
W.A.D. laborer S. C,
W.A.B. Mechanic £ Michz
j*L*So Electric I= ?lo$Aa-
W.J.KI Clerk Wis
R&R.H* Clerk So.C.

J.I.t). Farm-er Rural Wis.*
A.A*S* Farmer a Jich.
H{.E.T. Uie ot
J.AsZ* No record
R.K. No record
H.L*C& Farmar U Lo'
G.O.B. Clerk Urban 0,
D.- M. Farzer Rural Uo.
R.G.M. lAborer W Il11.
M.C.B. Mcriourban Il

InecL #2



2. Vision and Particivation in Sport.

a. Aocc-dingly more extensive examinations wire made or; other similar
class" of men from the ARTC. The ten bect and the ten poorest range estimators
of two classes were given vision tests with the Keystone Tolobinocular, and tho
ten beat and ten poorest of one class were questioned regarding civilian occu"a-
tion and hobbies. The eye tests included axaminations for acuity, astigmatium,
binocular fusion and heterphoria, otereopsis, and color vision. The results of
these tests may be summarized as followu:

Of the 20 best range estimators:

15 men had complotoly satisfactory vision
1 man was color blind
1 man had moderately diminished visual acuity
3 men had multiple vision defects

Of the 20 poorect range estimators:

12 men had completely satisfactory vision
2 men were color blind
; amen were astigmatic
4 men had multiple vision defects.ý

b. In view of the similarity between these two groups, it seems that
neither the possession of normal vision nor the existence of visual defects deter-
mined the range estimatina ability of this gror cf men.

oa Of the 10 beat range estimatore who were questioned concerning
civilian Vporto activityia3

4 men were farmers and had 'hunted extensively
4 man had lived in the country but had hunted little
2 men were city dwellers with no hunting or golf expereince

Of the 10 poorest range estimators so questioned:

5 men were farmers and had hunted extensively
2 men had lived in the country but had hunted little
3 men were city dwellers with no hunting or golf experience

d. It sewm unlikely from these comparisons that previous civilian exper-
ience exerts a consistent influcnce on range estimating ability, although some men
who may have been surveyors, hunters, or golfers, undouhtedly do profit by these.

a. By exclusion, the inferoncG soems to be that Jud,7ent of distance is a
spaial *skill which is either inhorent or can be learned through diligent application;
that it may not be much impaired by moderate vision defects; and that no method is
apparent an yet for selecting in advance of actual trial, those individuals whose
performance i. likely to be superior to that of other men.

MIO . 12 -2



APPENDIX III

INFLUENCE OF CHARACTER Of TARGET AND TERRAIN

1. Certain factors which may conceivably influence the accuracy of range
estimates are thoserelatcd to the nature of the targot and its surrounds, in-
cluding illuination and contrast.

a. In th4s regard instructions in the Basic Field Manual, U. So Carbine,
Caliber °30 Up FU 23-7 state thats

Objects seem nearer:

(1) When the object is in bright liht;
(2 When contrast is sharp;
(31 Then the line of eight is over a unifona surface;
(3 When the line of sight is dovnward;
(5) When looking over a depression most of which is hidden;

Ob•octs seen more distant,

(1) When looking over a depression most of which is visible;
(2) When there is poor light or fog;
3) Yflhen only a small part of the object can be seen;
L) Wnen the line of sight is upward from low ground;

b. An analysis of the eatirated on the 32 targets confirms tho principles
outlined abo7e, to the extent possible in a study of this limited extent. in most
instances the c rrore in estinating the distances to targets which were clearly soei
and Gharply outlined were characteriatically underestimates. C, ersely, some of
the targets which were overesti=.-ted presented indistinct outlines. However,
neither the targets most frequently estimate" coZA ectly (i.e. within 10%), nor
those with no consistent pattern of error, possessed attributes in common to suggest
an explanation for the pattern of the distance estimates.

a. Table 5 gives a description of the 32 targets, with their distances
and asimaths, the percentage of accurate estimates, and the percentage of In-
accurate estimates. partitioned for over- and underestimation.

md. #3 2



TALE 5 ,

DSCRIE ON OF TARGETS
AR ;A Dil ORDER OF DECREASB~G PWUNAG3 OF UNDMESSTMlATES

RAFP.' 9 - Urban Area of Fork Knox; Observation Point on Knoll.
- Firiijg Rz•ge in Rolling Count:.-; Cbservation Point, Top of Slight Rise.

-N • ••' - Firing Range in Partially Clared Rolling Country; Obseryution Point
in Fl.at Clearing.

(Correct estimates are those within 10% of true range;
erroneous ctimate• are those &ore than 10% in error.)

if Ta4l D~ig- Iireýt E~stirnai.es
kagi get g.I t tancs:Azi-f

No. No, Description Yds. jmuthj Re=arks Jmatss over short

3 4IRangemarker 1365 X Sharply outlined, 116 9 75 1II j brightly etriped,
3 Trunk * d tree 699 M Framed by 6arin ing 18 11 71

1woods, but byond the

I woods.
3 11 J nearep ,% 3 249 W Sharp-ly outlined. 12 17 70

13 6 Range arker 63 S3 Sharply outlinad, 23 i3 63
_ , brightly striped.

12 iLtrge lane oak 7101 j E On upward slope of 39 4 57
tr*4 clearing.

2 6 Pile scrap sms,al 543 EE Belo horizontal ine 23 21 5
of eight-no obstruo-
tson t i vision.

3 1 Lone pin* .r 526 MU Up gradual slop* to- 15 30 53
'I ward horizon.

12 A toep body 333 1 E Clea-rl- seen-contrast 24 24 52
I ~lo~w.

,3 3 ITop truck b I14 M Top of boay visible 24 2 5
~ throuh britah-dead{

ground inter•ming be..
I I yondc~rest of upwcrrdi

L, IL8hlope, i

itcli. 3 2
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TOUL1 3 (cout d)

I'ar-IDi.s- I rect
Lange got tar= IA zlr I ___

1 4 --orner of largc 513 ENESighted dowwrdy nof 31 19 ~49
blg'II obutresstrionl. i 23I2

3 8 Jeep under oedar 49j S 'obne~er icao n d 328 4
tree sharply out~linod.

t 1  1 Barr&ekx bldg. 843 f N Among treas., ellevated 39 18 43
Iabove group of bar- I

2 fracks in hollow. Cj

- to irregu~r grou4.

2 1 mUso 775 XSE Seen thirough trees 28 32 42
near parmanently
locat~ed tanks.

3 9 B~Si rucZ .60 WISoeeacross hollow 27 31 4

2 4 'Raatybroken dw 7-2 Nincrplet*4 seen26 34 4

ground.

3 7 ephone pole 702 SWF Low' contrast. 20 39 4
Against woo".

2 8 Trc oy922 £.?artl iddn by foli- 27 37' 36

trast very lowv.

~1 6 Corner of 358S Sgta -o ih3 9 3barracks Coal PUS. %t

2 9 Safety zarksr 805 1 I Srightly striped- 33 32 3
but. seen oa edge.

3 2 Brokentruckbody 785 nXILittle z.ore tha~n cab 28 37' . 34
[gvisiblo du# to b9m5hg

ter L ixrUglarity

. . . . .. . . . . . . . . . . . . lo contrast.jJ jL

:nl



TA=.S 5 (cont,'d)

S• , • ' 'IA - Iot- I ,ou

7 3
TI- rect Estimatesr tito ance Azi- Rar8Esti--

_____ No _ _prt. de nutb_ _ _ _ _ _ _ mates ovr sh"r

2 •Mimrr. U? •ud tha O.P. with tM.p'scmbruh Z 45 3

: uderate~n-•e
I againtrt sky. I

1 I GIs ~.W WOl ato lg i-4 3 3

3 10 IBadel battered T oerodbd slbor acrons 28 44 27
eep broad ravine.st

2 IjBare sot 1 17601 No z*specigioobjecth 42 320
g target. Distance is an

10 aracka 840 3O• 0~n e=cm€p rt~y '63 14 23hidden by tr ess.
'• nw eeos gras co~irveredlavin.

SI, I g't1ie brp

S~against sky.,

3I1 batee 135 e slopetarcross 20 27 "
Sbroad.

taret Dstnc i a1- 10 Barcs 4-WOneiece---6 4 2
hidn r tos

Truc fxy n NI'Otpadsop f5 3 1

nor |be rs ovrdcern



d, Arranged in similar order, Fgwo 3,1 a t~o, b hows graphicaly7
the distrib~ation of arrors on these targets. Cc I-of thamn, 33% or more of the
estimates ware within 10% of the true range. Six of these were cn the first
ran&e, which together with the lower avera,. error on this rar~e suggests that
targets in urban areas prevent laiia difficulty tha% those in open country, Tnere
,*as a tandency to undereatizato the distancea on 19 targets;ý to overestim~ate on 8,
while on 5, althoigh the errors were numerous, no patter of error was discernible.o
Table 6 lirata thnos targets which vtre most strikingly over- or undIerestimated,,
and pressets the predominant character of error on them for all the zeni, -ed for
the 10 btt zen. Sine* the errors of both groups of men Us In the sa&= direction
on both xets of target*,, the Impression is gained that the type of error is a
function oZ the target rather than of the Individuals doing the estIvAting. Nor
did It appear that the pAttern of error for any one man, was ebaracteristiza.4y
orar or short,

e. These observations might be applizable to specific acmbat situations
conroratig armoried ores., Wh=i the range must be estimated to a terrain feature
in the vicinity of Uhich an enz strcazjpoint is sw*pece+.d, the estimate Is v=7
lie3coy to be more than 10C1 chort. if the object is one vhich has sabr2 outlines.
If 'Whe target be a vehicle, or a tree, for eziple,, its distance will toad to be
vzdarestimated if its aontou:rs are sharp,, an.overestimate If an2.y pert of it
Is eein, azd that iudistinct4,

PWl. #3



CPARIS0M L PE•C.ENCE C? ALL MEN WITH THAT

!-r.err o? a.1 men*I Errors of be~t 10 mon*
-- Target

MASS ~consistentlyN, fmn o o ~
No. dNeo, Ll-stlbersatzated Unde ever I uAer

3. 4 Rangeaarker365 ya. 04 9 75 0 5cleaiac 699 yd.

11 jo.ep t o•lorange, "1? - 0 070

3 6 Rage 0 kor, 653 da. 76 13 63 0 2

1 2 La e O.k#, 61.1. 57 0 3
710 yde.

2 6 Mel of camp ze". V7 15 1 4
in fields 543 Yds.

Consistently
Overestimated

1 2.rrcp~ttbd~ 62 56 6 5 1.
'wible alopg street,,

371Ydsa

1 7 Crn~erlarge b14g. an 69 60 9 4 1
, 325 ydIs.

5visible at emd 70 5Y 21 5__ _ _oS

SStre*t, 635 Yps.

**A

-3. 6
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FIGv. r:.
DISTRIBUTION OF 4472 RANGE ESTIMATES MADE BY

01RAINEES IN GUNNERY AT THE A.R.T.C.

(0) 20 TAR(GETS ON 2 RANGES ESTIMATED BY ALL MEN.

(b AN ADDITIONAL 12 TARGETS ON A -3 RD.~ RANGE

ESTIMATED BY HALF THE MEN.

40

* w

~30

* 20 C

I- .

a-- II

I: %J

101

< 107 o T 11-s O 21-30% 31-r40% > 40%

MAGNITUDE OF ERRORS
WiST TEoD REGARD TO SIGN
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FIG. 2

MEDIAN RANGE ESTIMATION ERRORS OF 86
INEXPERIENCED GUNNERY TRAINEES AT A.R.T.G.

(32 TARGETS ON 3 RANGES)

7l

IT

I a

44

18B.5% ,/21

e /

i9IL5I135iLr51 r?510.5-a5 3V 5r.M9 5  -5 -3 5.5 -33 35I

MEDAN % ERROR FOR 32 ESTIMATES.

WITHOUT REGARD TO SIGN

3bol 06FIG. 2



FIG. 3 A-P
DESTRIBUT1ON OF RANGE ESTIMATION

ERRORS FOR EACH TARGET.

iNDICATING BOTH THE DIRECTION AND N*AGN!TUDE OF ERRCOR.

THE CHARTS ARE.- ARRANGE.D tN. THrE
SAME ORDER AS IINTABLE 5.

RANGE 1- 10 TARGETS- APPOX. 175 MEN
t2- 10 TARGETS-APPOX.I75 MEN
:93.12 TARGETS-APPOX. 86GW1EN

FIG.3
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